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Abstract 
Background and objectives: Evaluating the incidence of nosocomial and invasive device-related 
infections enables the comparison of the health care associated infection (HAI) between the 
intensive care units of different hospitals and different units in the same hospital. 
Material and methods: A retrospective surveillance study was performed to identify nosocomial 
infections, device-related infections rates, and causal agents from January 2007 through December 
2010 in the Anesthesiology Intensive care unit (ICU). HAI were deﬁ ned according to the CDC 
(Centers for Disease Control and Prevention) criteria, and invasive device-related infections were 
deﬁ ned according to National Nosocomial Infection Surveillance System (NNIS) criteria.
Results: During a two-year period, 939 patients were analyzed throughout a total of 7,892 patient-
days. The rates of HAI were 53% in 2007, 29.15% in 2008, 28.85% in 2009 while 16.62% in 2010. 
Most common HAI was blood stream infection. The rate of soft tissue and skin infection was the 
second most common. Overall, the most common agents were Gram(-) 56.68 %, Gram(+) 31.02% 
and Candida spp 12.3% among patients with nosocomial infections.  
Conclusions: The incidence of HAI in the ICU of our hospital was high, compared to the Turkish 
overall rates obtained at the Reﬁ k Saydam Center in 2007. When the rates of device-related 
infections between 2007 and 2008 were compared, they were higher in 2007. The rates of device-
related infections were diminished in 2008 to below-national mean rates by infection control 
measures. Since the rate of urinary catheter-related infections are still high, we should exert 
continuous efforts for infection control.
© 2013 Sociedade Brasileira de Anestesiologia. Published by Elsevier Editora Ltda. 
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Introduction
Health care associated infections (HAI) are among the major 
causes of increased mortality, morbidity, length of stay and 
cost in the world, as is the case in our country 1-3. Although 
the number of patients at intensive care units is smaller com-
pared to the number of patients in other clinics, the rate of 
HAI is signiﬁ cantly higher in ICU than other units. This is due 
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• HAI rate:  (HAI number in ICU.1,000-1) / Patient-day 
• Urinary catheter related urinary tract infec-
tions: (Urinary catheter related urinary tract 
infections.1,000-1) / Urinary catheter day
• Central catheter related blood stream infec-
tion rate: (Central catheter related blood stream 
infection.1,000-1) / central catheter day 
• Ventilator associated pneumonia: (Ventilator associ-
ated pneumonia.1,000-1) / ventilator day
Results
We followed 197 patients for 1637 patient-days in 2007, 209 
patients for 2,167 patient-days in 2008, 208 patients for 2005 
patient-days in 2009 and 325 patients for 2,083 patient-days 
in 2010 at the Anesthesiology Intensive Care Unit of Ankara 
Keçiören Training and Research Hospital. Two hundred and 
eighty HAI were detected. HAI rate at our intensive care 
unit was found to be 53% in 2007, 29.15% in 2008, 28.85% 
in 2009 and 16.62% in 2010. Bloodstream infection was the 
most common type of HAI. This was followed by skin and soft 
tissue infections. The total of microorganism types isolated 
at the intensive care unit in a period of four years is shown 
in Figure 1. The distribution of microorganisms is: 
20.00% Acinetobacter baumanii
19.43% Candida spp 
14.29% Pseudomonas aeruginosa
13.71% Coagulase-nega ve staphylococci
12.57% Eschericia coli
7.43%   Staphylococcus aureus
6.86%   Klebsiella spp
Acinetobacter baumanii takes the lead among these 
factors. Methicillin-Resistant Staphylococcus aureus (MRSA) 
rate was 61.54% in staphylococci whereas Extended Spectrum 
Beta-Lactamase (ESBL) rate in E. coli and Klebsiella spp was 
found to be 48.72%. 
Gram negatives were the most common ones when in-
fection factors were analyzed. The rate of Gram negatives 
bacteria was 54.86%, Gram positive bacteria was 24.55% and 
Candida spp were 19.43%. 
After data about the number of patients at intensive 
care unit, mechanical ventilation day, urinary catheter day, 
central venous catheter day, number and types of infections 
were calculated on a monthly basis, surveillance data were 
obtained for the years 2007-2010. The data obtained were 
compared to surveillance data of similar intensive care 
units across the country provided by Reﬁ k Saydam Hygiene 
Center (RSHM) and to that of anesthesiology intensive care 
units of some hospitals. 
Rates of invasive device associated infections were cal-
culated as shown in tables (Tables 1, 2 and 3). Comparison 
of invasive device associated infection rates at intensive 
care unit of our hospital with the surveillance data of similar 
intensive care units in our country provided by RSHM is given 
in Table 4 and Table 5. 
to various invasive therapeutic or diagnostic interventions, 
such as the use of a wide spectrum of antibiotics, presence 
of underlying diseases and mechanical ventilation, central 
venous catheterization, invasive pressure monitoring and 
urinary catheterization that are frequently used as well for 
extended periods 4-7. A majority of HAI occurring at inten-
sive care units is associated with invasive device use 4. The 
aim of this study was to analyze and evaluate HAI, the sites 
of these infections, infection rates associated with invasive 
devices and infection factors at the Anesthesiology intensive 
care unit of Ankara Keçiören Training and Research Hospital 
(AKTRH) between the years 2007 and 2010.
Materials and methods
Anesthesiology intensive care unit of AKTRH is a level III 
intensive care unit (level 3: must be capable of providing 
complex, multi-system life support for an indeﬁ nite period, 
and provide mechanical ventilation, extracorporeal renal 
support services and invasive cardiovascular monitoring for 
an indeﬁ nite period; or care of a similar nature), which has 
been operational since 2006. It has nine beds and still serves 
as a mixed intensive care unit. Nine hundred and thirty-nine 
patients treated at Anesthesiology intensive care unit be-
tween 2007 and 2010 were analyzed in this study.
Patients were accompanied by infection control nurses 
on a daily basis, and data about patients were collected and 
analyzed by the infection control physician and attending 
doctor at the intensive care unit; patients were diagnosed 
according to National Nosocomial Infection Surveillance 
System (NNIS) criteria, described below. Blood, urine, tra-
cheal aspirate, perineum, axillary region and nose cultures 
were taken from patients once a week, the ﬁ rst being on the 
day of their admission to the intensive care unit. Isolation 
and characterization of microorganisms were performed 
by using standard methods at AKTRH Central Microbiology 
Laboratory. Characterization of HAI and infections associated 
with invasive devices (e.g, ventilator, central line, indwell-
ing urinary catheter) were made according to CDC and NNIS 
criteria, respectively. According to NNIS criteria, the deﬁ ni-
tions are speciﬁ c for different sites of infection, onset must 
occur during hospitalization or shortly after discharge, and 
the infection may not be present or incubating at the time 
of the patient’s admission. Rates of all nosocomial infections 
and invasive device associated nosocomial infections were 
calculated separately for each year. Criteria for speciﬁ c types 
of infections are deﬁ ned as: 
• Urinary tract infection (UTI): patients have fever > 38°C, 
a positive urine culture, that is > 105 microorganisms per cc 
of urine with no more than two species of microorganisms, 
positive dipstick for leucocyte esterase and / or nitrate, and 
pyuria;
• Central venous catheter related blood stream infec-
tion (CVCRBSI): patient has at least one of the fol-
lowing signs or symptoms: fever (38.8°C), chills or 
hypotension; signs, symptoms and positive laboratory 
results are not related to an infection at another site; 
common skin contaminant is cultured from two or 
more blood cultures drawn on separate occasions. 
• Ventilator associated pneumonia (VAP): Pneumonia in 
persons who had a device to assist or control respira-
tion continuously through a tracheostomy or endo-
tracheal intubation within the 48-hour period before 
onset of infection, including the weaning period.
Rates of HAI and invasive device associated infections 
were calculated according to the formulas given below: 
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Discussion
In the last decade, it has become possible to treat many 
patients who could have been lost early at intensive care 
units in the past, thanks to the progress in medical develop-
ments and improvement in patient care services. However, 
higher rates of HAI in patients at intensive care units result 
from the presence of several underlying diseases, more 
frequent and higher number of invasive interventions, use 
of a wide spectrum of antibiotics and weak immune system 
due to various reasons. Intensive care units are places with 
the highest rate of HAI across the world 4-6. Although the 
number of beds in intensive care units constitutes 5-10% of 
all beds in hospitals, 25% of HAI is seen in these patients. Its 
prevalence in intensive care units is 5-10 times higher than 
in other surgery and internal medicine clinics 4-9.
13.71% Coagulase-negative 
staphylococci
12.57% E. Coli
20% Acinetobacter spp.
14.29% Pseudomonas auriginosa
7.43% Stafiloccocus aureus
6.86% Klebsiella spp.
19.43% Candida spp.
1% Outros
Table 1  Ventilator Associated Pneumonia Rate in Ankara Keçiören Training and Research Hospital ICU.
AKTRH ICU Patient
number
Patient
day
Ventilator
Day
VAP Rate of
ventilation
VAP
Rate
2007 197 1,637 1,469 17 0.89 11.57
2008 209 2,167 1,729 4 0.80 2.31
2009 208 2,005 1,620 7 0.81 4.32
2010 325 2,083 1,444 4 0.69 2.77
AKTRH: Ankara Keçiören Training and Research Hospital; ICU: Intensive Control Unit; VAP: Ventilator Associated Pneumonia.
Figure 1  Distribution of Microorganisms.
Table 2  Catheter Related Urinary Tract Infection Rate in Ankara Keçiören Training and Research Hospital.
AKTRH
ICU
Patient number Patient day Urinary catheter 
day
CRUTI Rate of urinary 
catheter
CRUTI rate
2007 197 1,637 1,631 20 0.99 12.26
2008 209 2,167 2,148 13 0.99 6.00
2009 208 2,005 1,975 14 0.99 7.09
2010 325 2,083 2,070 9 0.99 4.35
AKTRH: Ankara Keçiören Training and Research Hospital; CRUTI: Catheter Related Urinary Tract Infection.
Table 3  Central Venous Catheter Related Blood Stream Infection Rate in Ankara Keçiören Training and Research Hospital 
ICU.
AKTRH
ICU
Patient number Patient Day CVC day CVCR-BSI Rate of CVC CVCR-BSI rate
2007 197 1,637 1,556 20 0.95 7.71
2008 209 2,167 1,913 3 0.88 1.57
2009 208 2,005 1,790 4 0.89 2.23
2010 325 2,083 1,632 7 0.78 4.29
AKTRH: Ankara Keçiören Training and Research Hospital; ICU: Intensive Care Unit; CVC: Central Venous Catheter; BSI: Blood 
Stream Infection.
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Table 8  Comparison of Invasive Device Related Infection Rates between 2007-2010 years in AKTRH.
INFECTION RATES                   2007 2008 2009 2010
VAP                                                        11.57 2.31 4.32 2.77
CR-UTI 12.26 6.00 7.09 4.35
CVCR- BSI 7.71 1.57 2.23 4.29
AKTRH: Ankara Keçiören Training and Research Hospital.
Table 9  ICU Infection Rates in some Universities.
University Type of ICU Infection rate %
Atatürk (2000) Reanimation 53.3
Başkent (1999) Internal medicine/Surgical 5.3
Çukurova (2000) Internal medical/surgical 16.0
Dokuz Eylül (1997) Internal medicine 56.1
Erciyes (1999) Internal medicine/surgical 25.7
Uludağ (1999) Reanimation/surgical 24.0
Akdeniz (2000) Internal medicine/surgical/Rean. 19.8
Atatürk (2003) Reanimation 29.3
GATA (2001) Internal medicine/surgical/Rean. 9.65
GATA: Gülhane Military Medical Academy; Rean.: Reanimation.
Table 4  Incidence Rates – 2007.
HAI rates                                   AKTRH     REFİK SAYDAM %50 Percentile
VAP                                                      11.57 0-39 10.9
CR-UTI 12.26 0-16.8 3.6
CVCR-BSI 7.71 0-21.6 2.7
HAI: Health care associated infections; AKTRH: Ankara Keçiören Training and Research Hospital.
Table 5  Incidence Rates – 2008.
HAI rates                                      AKTRH REFİK SAYDAM %50 Percentile
VAP                                                        2.31          0-36.9 11.2
CR-UTI 6.00          0-8.8 3.2
CVCR-BSI 1.57           0-14.9 2.4
HAI: Health care associated infections; AKTRH: Ankara Keçiören Training and Research Hospital.
Table 6  Incidence Rates – 2009.
HAI rates                                      AKTRH REFİK SAYDAM %50 Percentile
VAP                                                        4.32          0-30.8 8.7
CR-UTI 7.09 0-8.8 2.0
CVCR-BSI 2.23 0-13.2 2.2
HAI: Health care associated infections; AKTRH: Ankara Keçiören Training and Research Hospital.
Table 7  Incidence Rates – 2010.
HAI rates                                                                      AKTRH REFİK SAYDAM
VAP                                                      2.77 *
CR-UTI 4.35          *
CVCR-BSI 4.29           *
HAI: Health care associated infections; AKTRH: Ankara Keçiören Training and Research Hospital.
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HAI prevalence at intensive care units may vary be-
tween hospitals of the same country as well as between 
countries 10,11. A study conducted in ﬁ ve different intensive 
care units in France reported prevalence of HAI  to be 26%, 
whereas it was found to be 22.8-26.1% in a multi-center 
study conducted between 1990 and 1997 in Spain. However, 
this rate was reported to be 20.6% in European Prevalence 
of Infection in Intensive Care study 12-14. In our country, 
prevalence rates are significantly higher than in other 
countries 15-19.
According to studies conducted in some centers in Turkey, 
HAI rates at intensive care units range from 5.3% to 56.1%. 
Different types of intensive care units or difference in surveil-
lance methods may result in such differences. HAI rates in 
some intensive care units are given in Table 9 3,20. According 
to surveillance data for similar intensive care units across 
the country provided by Reﬁ k Saydam Hygiene Center, HAI 
rate is 12.2% 21.
HAI rate at our intensive care unit was 53% in 2007, closer 
to the upper limit of the country average; it was reduced 
down to 16.62% in 2010 to the lower limits of the country 
average. Since there are many types of intensive care units 
such as reanimation, internal medicine, mixed and surgery, 
we deemed it appropriate to compare our results with simi-
lar intensive care units, based on a percentile of 50% and 
weighted average. 
Most of HAI at intensive care units are invasive device 
associated infections. There are differences between coun-
tries and intensive care units with regards to invasive device 
associated infections. 
VAP is at the top of the list among invasive device associ-
ated infections in most of intensive care units. While 47% of 
invasive device associated infections were VAP according to 
an European Prevalence of Infection (EPIC) study conducted 
at 1,417 intensive care units in 17 western European coun-
tries, 41% of such infections were found to be VAP (24.1 
per one thousand ventilator days) according to the study 
conducted by Rosenthall et al. at 55 intensive care units in 
8 countries including Turkey 22.
When the infections in the ICU units of Turkey is analyzed, 
it is seen that ventilator associated pneumonia incidence was 
18.5 per thousand patient-days in 2006, 7.2 in 2007 and 2.3 
in 2008 in Hacettepe University Anesthesia Intensive Care 
Unit. The incidence was calculated to be 19.8 in 2010 in 
Dicle University Intensive Care Units; 20.92 in Ankara Numune 
Training and Research Hospital Mixed Intensive Care Unit 
between the years 2007 and 2010.
According to the nation-wide surveillance data provided 
by RSHM, ventilator associated pneumonia rate per ventilator 
days was 10.9 in 2007, 11.2 in 2008 and 8.7 in 2009 21. These 
are 50% percentile values and general weighted average is 
more signiﬁ cant. General weighted average was 17.14 in 
2008 and decreased to 15.37 in 2009. The rate of ventilator 
associated pneumonia in the anesthesia intensive care unit 
of our hospital was calculated as 11.57 in 2007, 2.31 in 2008, 
4.32 in 2009 and 2.77 in 2010. Our VAP rate was more than 
the percentile of 50% in 2007. It is probable that the rate 
was high due to our intensive care unit being a newly estab-
lished unit in 2007: infection control measures were poor, 
the number of the patients with chronic diseases admitted 
from chest diseases hospital was high as well as secondary 
infection rates of mentioned patients. The VAP rate of our 
hospital decreased below the percentile of 50% and general 
weighted average values, as more patients were admitted 
from our own hospital and ventilator associated pneumonia 
measures (head elevation to 30-40 degrees, frequent aspira-
tion of subglottic secretions, deep vein thrombosis and peptic 
ulcer prophylaxis, daily weaning assessment) were reinforced 
in the following years. 
Central venous catheter associated infection rate is 12.5 
per thousand central venous catheter days, according to the 
study by Rosenthall et al. which assesses 55 intensive care 
units; this rate was calculated as 27.3 in Dicle University 
intensive care unit in 2010 and 3.75 in Ankara Numune 
Training and Research Hospital Mixed Intensive Care Unit 
between 2007 and 2010. According to RSHM country wide 
data, central venous catheter associated infection rate 50% 
percentile values (average) were calculated to be 2.7 in 
2007 and 2.4 (weighted average 5.61) in 2008, 2.2 (weighted 
average 5.01) in 2009 5. Central venous catheter associated 
infection rate at our hospital was 7.71 in 2007, 1.57 in 2008, 
2.23 in 2009 and 4.29 in 2010. The number was well above 
the country average in 2007. 
We revised our infection control measures. Physicians 
were dressed in sterile clothing during central venous 
catheterization. Bigger coverings were used. Daily catheter 
checks were performed and catheters were taken out as 
soon as the need was satisﬁ ed. Thanks to these measures, 
2008 central venous catheter associated infection rate de-
creased below 50% percentile values and weighted average. 
The rate was close to 50% percentile and below weighted 
average during 2009. A sharp increase was detected again in 
2010. As we cannot access Reﬁ k Saydam surveillance data, 
we cannot make a comparison, however, we revised our in-
fection control measures. According to RSHM country-wide 
surveillance data, the rate was 3.6 during 2007, 3.2 (weighted 
average 5.18) during 2008 and 2.0 (weighted average 4.39) 
during 2009 21. The rate of our intensive care unit was 12.26 
during 2007, 6.00 during 2008, 7.09 during 2009 and 4.35 
during 2010. The numbers are above the 50% percentile and 
weighted average. 
Frequency and distribution of microorganisms that are 
possible and isolate hospital infections within intensive care 
units vary according to countries, hospitals and clinics. During 
the 1970s, gram negative bacilli were common; however, 
gram positive bacilli increased again due to the use of a 
wide spectrum of cephalosporins and the increase in invasive 
interventions. While Gram positive and Gram negative ratios 
were found to be close in EPIC trial 14, diverse factors stand 
out in different centers in Turkey. Gram negative bacteria - 
such as Staphylococcus aureus, Pseudomonas aeruginosa and 
Acinetobacter baumannii - draw attention in recent studies. 
The most commonly isolated agents in hospital infections 
in diverse intensive care units of Turkey are as follows; 
Staphylococcus aureus (34%) in Gülhane Military Medical 
Academy intensive care unit during 2001, Acinetobacter 
spp (28.4%) in Osmangazi University Anesthesia intensive 
care unit during 2003, Pseudomonas spp (27.8%) between 
2005-2009 in Cumhuriyet University Faculty of Medicine 
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Reanimation Unit and Acinetobacter baumannii (23.2%) in 
Yüzüncü Yıl University Faculty of Medicine intensive care 
unit during 2009 3,15,23,24.
Our study revealed that 54.86% of the hospital infections 
in the intensive care unit is Gram negative while 24.55% is 
Gram positive and 19.43 is Candida spp. The most frequently 
isolated agent is Acinetobacter baumannii. Candida spp fol-
lows Acinetobacter baumannii. Ankara Keçiören Training and 
Research Hospital Anesthesia intensive care unit started its 
operations as a nine bed unit in 2006 and still functions as 
both anesthesia intensive care unit and surgical intensive care 
unit. Thus, our patient range is wide and some of the patients 
are admitted from chest disease centers nearby. These are 
the patients who are admitted and discharged frequently 
and who have long hospitalization periods. Therefore, we 
often encounter Gram negative microorganisms such as 
Pseudomonas aeruginosa, Acinetobacter baumanii and 
Escherichia coli in our intensive care unit. The rest of the 
patients are easily colonized because of the patients admit-
ted to the intensive care unit due to pulmonary infections. 
Invasive device associated infection rates were detected to 
be higher than the rates of the other similar intensive care 
units during 2007. 
Thus, measures were applied in line with the decisions 
of the infection control committee. Intensive care unit staff 
was trained regularly and frequently. The staff was trained 
on hand hygiene, and they were encouraged to acquire hand 
washing habit. Invasive interventions were performed by 
experienced physicians dressed in sterile clothing during the 
interventions. Bigger coverings were used for interventions. 
Mask and gown use was increased. Invasive devices were 
taken out as soon as the need was satisﬁ ed.  
The hospital infection rate, which was 53 during 2007, 
went down to 16.62 in 2010, thanks to all these above-
mentioned measures. Ventilator associated infection rates 
and central venous catheter associated blood stream in-
fection rates improved when compared to 2007. However, 
we have not yet achieved the desired level for urinary 
catheter associated infection rates. When we assess the 
reasons for high rates we understand that frequent change 
of staff, failures in infection control measures and material 
shortcomings are there to blame. In this study we compared 
hospital infection rates to hospital average rates in the 
country, demonstrating that our infection control is not 
worse than average. We believe that persistence in staff 
training, and applying these to clinical practice are crucial 
for infection control. 
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